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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

l\ A charged particle detection system, comprising: 

(a) an electronic multiplexing unit in proximity to 

(b) a plurality of charge-collecting zones, 

wherein each charge-collecting zone comprises a conductive material 
for receiving anj^ storing charge, 

erein each charge-collecting zone is isolated and electrostatically 
shielded from nemhboring charge-collecting zones by a separator comprising an 
insulated electrical c^ductor held at a reference potential, 

wherei\each charge-collecting zone is electronically interfaced to the 
multiplexing unit, and 

wherein th\ multiplexing unit is interfaced to a means for measuring 
the charge collected by the charge-collecting zones. 

2. The system of Qaim 1, wherein the multiplexing unit eflfects switching 
through sequencing using a Gray\ode. 

3. The system of Claiir^ having a duty cycle for charge collecting in 
charge-collecting zones greater than 98^ for each readout cycle. 

4. The system of Claim 1, ^wherein the separator is comprised of 
insulating and conducting layers. 

5. The system of Claim 4, whereii^he insulating layer comprises a high 
dielectric strength, low-leakage material. 

6. The system of Claim 4, wherein t^g conducting layer comprises 
aluminum. 

7. The system of Claim 4, wherein the i^ulating layer comprises 
aluminum oxide. 

8. The system of Claim 1, wherein the separatoi^upports the charge 
collecting zones. 
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9. The system of Claim 1, wherein the conductive material comprises a 
meBd selected from the group consisting of copper, chromium, gold, and mixtures 
there^. 

W. The system of Claim 1, wherein the conductive material comprises 
vapor deposited chromium and gold. 

11. \ The system of Claim 1, v^herein at least one charge-collecting zone 
comprises a pVaday cup. 

12. The system of Claim 11, wherein each Faraday cup has an aspect ratio 
greater than about\: 1 , 

13. The sy^em of Claim 1, wherein the plurality of charge-collecting zones 
is a Faraday cup detector array. 

14. The systermpf Claim 1, wherein the plurality of charge-collecting zones 
is a linear array of Faraday ^ps. 

15. The system of Qlaim 1, wherein the plurality of charge-collecting zones 
is a two-dimensional array of Faraday cups. 

16. The system of Claim\^ wherein the plurality of charge-collecting zones 
comprises a stack of Faraday cups. \ 

17. The system of Claim 1, ^herein the system measures absolute ion 
current. \ 

18. The system of Claim 1, wherein^he system measures ion currents from 
about 0.2 pA to about 1 A \iA. \ 

19. The system of Claim 1, wherein the ^rality of charge-collecting zones 
comprises 2^ zones, wherein n is an integer greater tha^zero. 

20. The system of Claim 1, wherein the pluralimpf charge-collecting zones 
comprises 256 zones. \ 
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21. The system of Claim 1, wherein the a means for measuring the charge 
collected by charge-collecting zones is selected from an operational-amplifier and an 
operational-amplifier-integrator. 

22, The system of Claim 1, fiirther comprising a mask having a first 
surface facing the charge-collecting zones and a second surface facing outward from 
th\ charge-collecting zones, wherein the first surface is nonconductively attached to 
the ^arge-coUecting zones, and wherein the second surface comprises an electrically 
condimtive surface. 

2\ The system of Claim 22, wherein the mask carries a suppressor grid 
held at a predetermined potential. 

24. \he system of Claim 1, fiirther comprising a heating means for 
increasing the teiroerature of the charge-collecting zones. 

25. The \stem of Claim 1, fiirther comprising a temperature control 
means for controlling tM temperature of the system. 

26. The systera^of Clmm 1, wherein the separator, the plurality of charge- 
collecting zones, the electromc multiplexing unit, and the means for measuring the 
charge collected by charge-collating zones are mounted on a single substrate. 

27. The system of Claffln 26, wherein the substrate comprises a printed 
circuit board having traces, \ 

28. The system of Claim 27, %herein the traces are electrically connected 
to the charge-collecting zones directly. \ 

29. The system of Claim 1, wherein the plurality of charge-collecting zones 
is microfabricated. \ 

30. The system of Claim 29, wherein tnk plurality of charge-collecting 
zones comprises a Faraday cup detector array. 

31. The system of Claim 29, wherein the plurality of charge-collecting 
zones comprises an array of Faraday cups, each cup having a xmit cell size of about 
100 ^m. \ 
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32. The system of Claim 29 microfabricated by a deep reactive ion etching 
process. 

33. The system of Claim 29 microfabricated by a lithographic- 
galvanoformung-abformung process, 

\ 34. A method for measuring charged particle beam intensity, comprising 
impdnging a charged particle beam onto a charged particle beam detector system, 
wheran the charged particle beam detection system comprises; 

\ (a) an electronic multiplexing unit in proximity to 
\ (b) a plurality of charge-collecting zones, 

\ wherein each charge-collecting zone comprises a conductive material 
for receiving a^d storing charge, 

\^(ierein each charge-collecting zone is isolated and electrostatically 
shielded from neighboring charge-collecting zones by a separator comprising an 
insulated electrical c^iductor held at a reference potential, 

wherein\ach charge-collecting zone is electronically interfaced to the 
multiplexing unit, and \ 

wherein the Multiplexing unit is interfaced to a means for measuring 
the charge collected by the ch^ge-coUecting zones. 

35. The method of ®aim 34, wherein the detection system further 
comprises a mask having a first ^^ace facing the charge-collecting zones and a 
second surface facing outward from\he charge-collecting zones, wherein the first 
surface is nonconductively attached to the charge-collecting zones, and wherein the 
second surface comprises an electrically conductive surface. 

36. The system of Claim 35, whemn the mask carries a suppressor grid 
held at a predetermined potential. \ 

37. The method of Claim 36, wherein th^redetermined potential reduces 
loss of charged particles originating from sputtering^after collection of a highly 
energetic charged particle. \ 



38. The method of Claim 34, wherein at least on^charge-coUecting zone 
comprises a Faraday cup, \ 
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39. The method of Claim 34, wherein the pluraUty of charge-collecting 
zones comprises a Faraday cup detector array. 

40. A charged particle analyzer or charged particle separator, comprising: 

(a) a source of charged particles; 

(b) means for forming a beam of charged particles; and 

(c) means for directing the beam onto a charged particle beam 
^tion system, wherein the charged particle beam detection system comprises: 

(i) an electronic multiplexing unit in proximity to 

(ii) a plurality of charge-collecting zones, 
wherein each charge-collecting zone comprises a conductive 

material fo^eceiving and storing charge, 

wherein each charge-collecting zone is isolated and 
electrostatically shielded from neighboring charge-collecting zones by a separator 
comprising an insulated electrical conductor held at a reference potential, 

wherein each charge-collecting zone is electronically interfaced 
to the multiplexing imt, and 

/herein the multiplexing unit is interfaced to a means for 
measuring the charge ejected by the charge-collecting zones. 

4L The analyzV of Claim 40, wherein the detection system further 
comprises a mask having a^irst surface facing the charge-collecting zones and a 
second surface facing outwara^ from the charge-collecting zones, wherein the first 
surface is nonconductively attached to the charge-collecting zones, and wherein the 
second surface comprises an electrically conductive surface. 

42. The analyzer of Clairn^41, wherein the mask carries a suppressor grid 
held at a predetermined potential. 

43. The analyzer of Claim \o, wherein each charge-collecting zone 
comprises a Faraday cup. 

44. The analyzer of Claim 40, whlrein the plurality of charge-collecting 
zones comprises a Faraday cup detector array. 



45, A charged particle analyzer comprising the ion beam detection system 
according to any one of Claims 1 to 39. 
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46. The charged particle detection system of Claim 13 wherein the FCDA 
is constructed from a compressed sandwich of precision-cut laminates and shims 
defining the Faraday cups and electrostatic separators. 

^ 47. The charged particle detection system of Claim 13 wherein the FCDA 
i\constructed from a block of oxidizable metal bonded onto an insulating substrate 
wina a metal oxide forming the insulation layer and high aspect ratio machined 
chambls forming the Faraday cups. 

The charged particle detection system of Claim 47 wherein the FCDA 
is constnJcted from a hard anodized metal selected from the group consisting of 
aluminum, otopper, nickel, and titanium. 

49. Y he charged particle detection system of Claim 47 wherein the FCDA 
is constructed u^ng electric discharge machining (EDM) of a hard anodized metal 
selected from the group consisting of aluminum, copper, nickel, and titanium. 

50. The cWged particle detection system of Claim 13 wherein the FCDA 
is constructed as an a^itive deposition or template electroplating of high aspect ratio 
metal regions to form thkFaraday cups and their electrostatic separators, 

51. The chargeokparticle detection system of Claim 50 wherein the high 
aspect ratio metal parts ar\ created by Lithography-Galvanoformung-Abformung 
(LIGA). \ 

52. The charged parti<^ detection system of Claim 50 wherein the high 
aspect ratio metal parts are created by deep ultraviolet photolithography of thick 
photoresist. \ 

53. The charged particle detejction system of Claim 13 wherein the FCDA 
is constructed by subtractive etching of a^ingle crystal semiconductor wafer or chip 
with a high aspect ratio to form the Farada;^ups. 

54. The charged particle detectionVsystem of Claim 53 wherein silicon 
comprises the conducting layer. \ 

55. The charged particle detection syst^ of Claim 53 wherein silicon 
dioxide comprises the insulating layer. \ 
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56. The charged particle detection system of Claim 53 wherein gallium 
arsenide comprises the conducting layer. 

57. The charged particle detection system of Claim 53 wherein deep 
r^ctive ion etching (DRIE) is used to etch the Faraday cups. 

58. The charged particle detection system of Claim 53 wherein the FCDA 
is fo^ed on the same wafer or chip as other active electronic circuitry. 

A Faraday cup detector array, comprising: 

(a) a plurality of Faraday cups; 

(b) a partially insulated conductive housing in which the plurality 
of cups is ^pported, the conductive housing being electrically connected to a 
reference potemial; and 

{\ means for electrically connecting the plurality of cups to an 
electronic interface 

wherein each Faraday cup has a unit cell comprising two 
conductive material-l^ad insulating walls separated by a U-shaped conductive 
material, each insulatink wall having a first conductive surface in electrical contact 
with the U-shaped conductive material and a second conductive surface electrically 
connected to the reference\iotential, the U-shaped conductive material and two first 
conductive surfaces defining \conductive cup, and 

wherein^ach unit cell includes a means for electrically 
connecting the conductive cup to\the electronic interface. 

60. The array of ClaimN^9, wherein the conductive housing comprises 
aluminum. 

61. The array of Claim 59, ^herein the reference potential is ground 
potential. 



62. The array of Claim 59, whereifk the conductive material comprises 



copper. 



63. The array of Claim 59, wherein the con^ictive material-clad insulating 
wall comprises a copper/fiberglass/copper laminate sheet. 
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64. The array of Claim 59, wherein the means for electrically connecting 
the conductive cup to the electronic interface is selected from the group consisting of 
a metal wire and a metal foil. 

65. The array of Claim 59 comprising 64 Faraday cups. 

66. The array of Claim 59 comprising 256 Faraday cups. 

67. A Faraday cup detector array, comprising: 

(a) a plurality of Faraday cups; and 

(b) a partially insulated conductive housing in which the plurality 
of cups\s supported, the conductive housing being electrically connected to a 
reference pjptential, 

wherein the cup comprises a conductive material isolated from 
the housing tH^ugh an insulator, 

wherein the conductive housing comprises an oxidizable metal 
block having a iSngth, width, and thickness, and a plurality of channels machined 
through its thickness^for receiving the cups, 

S^herein the block is bonded to an insulating substrate having 
means for electrically obnnecting the cup to an electronic interface, the means for 
electrically connecting the^up to the interface being in electrical connection with the 
cup. 

68. The array of ClWi 67, wherein the oxidizable metal is selected from 
the group consisting of aluminun\copper, nickel, and titanium. 



copper. 

70. 
potential. 



oxide. 



69. The array of Claim wherein the conductive material comprises 
The array of Claim 67, wi^erein the reference potential is ground 
71. The array of Claim 67, wherein^he insulator comprises aluminum 



72. The array of Claim 67, wherein the insMating substrate comprises a 
printed circuit board. 
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i 73. The array of Claim 67, wherein the means for electrically connecting 

t^ cup to the electronic interface is a trace on a printed circuit board. 

\ 74. The array of Claim 67, comprising 64 Faraday cups. 

\ 75. The array of Claim 67, comprising 256 Faraday cups. 

The array of Claim 67, wherein the array is a two-dimensional array. 

A Faraday cup detector array, comprising: 
\ (a) a plurality of Faraday cups; 
\ (b) a partially insulated conductive housing in which the plurality 
of cups is supported, the conductive housing being electrically connected to a 
reference potemial, 

\ wherein the cup comprises a conductive material isolated from 
the housing through an insulator, 

\ wherein the conductive housing comprises a silicon wafer 
having a length, widtL and thickness, and a plurality of wells formed into its thickness 
for receiving the cups;\nd 

(c) nteans for electrically connecting the cup to an electronic 
interface, the means for^lectrically connecting the cup to the interface being in 
electrical connection Avith the cup. 

78. The array of Slaim 77, wherein the conductive material is selected 
from the group consisting of pol^silicon and tungsten. 

79. The array of Clairti 77, wherein the reference potential is ground 
potential. \ 

80. The array of Claim 77, wherein the insulator comprises silicon dioxide. 

81. The array of Claim 77, wherein the means for electrically connecting 
the cup to the electronic interface is a wire. \ 

82. The array of Claim 77, comprisin\64 Faraday cups. 

83. The array of Claim 77, comprising 2^ Faraday cups. 

84. The array of Claim 77, wherein the arraws a linear array. 
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85. ^^he array of Claim 77, wherein the array is a two-dimensional array. 

86. The^^CTay of Claim 77, wherein the wells are formed by a deep reactive 
ion etching process. 

87. The array of Ch^^m 77, wherein the wells are formed by an anisotropic 
hydroxide etching process. 



88. The array of Claim 77 rfe^ying a pitch from about 100 |j,m to about 



500 |im. 



